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$i_{i}=x_{i}(r_{i}+ \sum_{j=1}^{n}a_{ij^{X}j)}$ $i=1,$ $\ldots,$ $n$ . (1)
, $x(0)=(x_{1}(0), \ldots, x_{n}(0))\in \mathbb{R}_{+}^{n}:=\{x\in \mathbb{R}_{+}^{n} : x_{1}, \ldots, x_{n}\geq 0\}$,
$r_{i},$ $a_{ij}\in \mathbb{R}(i,j\in\{1, \ldots, n\})$ , $a_{ii}<0(i\in\{1, \ldots, n\})$ . (1)
:
1( ). $\delta>0$ , (1) l
: $x(0)\in \mathrm{i}\mathrm{n}\mathrm{t}\mathbb{R}_{+}^{n}:=\{x\in \mathbb{R}_{+}^{n} : x_{1}\ldots x_{n}>0\}$ , (1)
$x(t)=(x_{1}(t), \ldots, x_{n}(t))$ :







3. (1) , :
$a_{ii}<0$ ,
$a_{ij}a_{ji}\leq 0$ $(i\neq j)$ ,
$a_{ij}a_{jkki}a\leq 0$ ($i,j,$ $k$ ),
.$\cdot$.
, (1) , 2
.
. 2 , (1)
. , $A=(a_{ij})$
:
























1: (2) (3) $(n=4)$ . (2) (3).
$j$ $i$ $a_{ij}>0$ ,
$a_{ij}<0$ . , $a_{ii}$
.
, $A$ , , (1)
. ,
( $x^{*}$ , $x(0)\in \mathrm{i}\mathrm{n}\mathrm{t}\mathbb{R}_{+}^{n}$ , $tarrow\infty$
$x(t)arrow x^{*}$ ). (3)








, $x\in \mathbb{R}_{+}^{n},$ $f$ $C^{1}$ , , :
$\bullet$ $S\subset X$ , $X$ $S$ ,
$\bullet$ $S$ ,
148
$\bullet$ $S$ $X\backslash S$ .
, :
: $\Omega(x)$ $x$ , $\Omega(S)=\bigcup_{x\in S}\Omega(x)$ .
3
, .
5. $i\in\{1, \ldots, n\}$ $\delta<x_{i}(t_{k})<1/\delta$ $\delta>0$
$t_{k}arrow\infty$ . , $i\in\{1, \ldots, n\}$ ,
$t_{k}$ ( $t_{k}$ ) $\hat{x}=(\hat{x}_{1}, \ldots,\hat{x}_{n})$ :
$\lim_{karrow\infty}\frac{1}{t_{k}}\int_{0}^{t_{k}}X:(s)ds=\hat{x}_{1}.$ .
Proof. (1) , $i\in\{1, \ldots, n\}$ :
$\frac{\ln x_{i}(t)-\ln x_{i}(0)}{t}=r_{i}+\sum_{j=1}^{n}a_{ij}\frac{1}{t}\int_{0}^{t}x_{j}(s)ds$.
$k\in \mathbb{Z}_{+}$ $i\in\{1, \ldots, n\}$ $\delta<x_{i}(t_{k})<1/\delta$ ,
$i\in\{1, \ldots, n\}$ $\iota_{k}$ ( $t_{k}arrow\infty$ ) :
$0=r_{i}+ \sum_{j=1}^{n}a_{\dot{\iota}j}\lim_{karrow\infty}\frac{1}{t_{k}}$ l\searrow s)ds.
, .
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6. $S_{i}=\{x\in \mathbb{R}_{+}^{n} : x_{i}=0\}$ , $X$ .
$S_{i}\cap X$ $\hat{x}$ $i\in\{1, \ldots, n\}$
:
$r_{i}+ \sum_{j=1}^{n}a_{ij}\hat{x}_{j}>0$ .
, $X’\subset X\backslash S_{i}$ , $X\backslash S_{i}$
$X’$ .
Proof. $S=S_{i}\cap X,$ $P(x)=x_{i}$ . $P$ $C^{1}$ , 4 (a)
. (b) . $\sigma$ :
$\sigma(x(0))$ $=$ $\sup_{t\geq 0}\int_{0}^{t}\psi(x(s))ds$
$=$ $\sup_{t\geq 0}\int_{0}^{t}(r_{i}+\sum_{j=1}^{n}a_{ij}x_{j}(s))ds$ .
, $X$ $n$ : $\prod_{\dot{\iota}=1}^{n}[0, d_{i}]$ .
$O$ (1) , $O\in S_{i}\cap X$ , $\sigma(O)>0$ . ,
, $y\in\overline{\Omega(S_{i}\cap X)}$ $\sigma(y)>0$ . $k$
$S_{i}\cap X$ $F^{k}$ . , $F^{0}$ $O$ , $F^{1}$ $x_{1}-,\ldots,x_{n^{-}}$
$S_{i}\cap X$ . , $x(0)\in F^{k}$ $y\in\Omega(x(0))$
$\sigma(y)>0$ . $x(0)\in F^{k+1}$ . , $\Omega(x(0))\subset F^{k}$ ,
, $y\in\Omega(x(0))$ $\sigma(y)>0$ .
$\Omega(x(0))\backslash F^{k}\neq\emptyset$ , 5 , F$\mathrm{I}\mathrm{J}$ $t\text{ }arrow\infty$ $\hat{x}\in S_{i}\cap X$
:
$\lim_{marrow\infty}\frac{1}{t_{m}}\int_{0}^{t_{m}}x(s)ds=\hat{x}\in s_{i}\cap X$ .
,
$\sigma(x(0))$ $\geq$ $\sup_{m\geq 0}\int_{0}^{t_{m}}(r_{i}+\sum_{j=1}^{n}$ aijxj $(s))ds$
$=$ $\sup_{m\geq 0}t_{m}(r_{i}+\sum_{j=1}^{n}a_{ij}\frac{1}{t_{m}}\int_{0}^{t_{m}}xj(s)ds)>0$
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, $\sigma(x(0))>0$ . $y\in\overline{\Omega(S_{i}\cap X)}$
$\sigma(y)>0$ , 4 .
4
7([3], Lemma 21, [1], Lemma 21, [2], Theorem 152.1).
(2) , (1) (d sipative)
, $\mathbb{R}_{+}^{n}$ $X\subset \mathbb{R}_{+}^{n}$
.
8([2], Theorem 1545). (2) ,
(1) | .
9. $n=4$ . (2) ,
(1) .
Proof. (2) , 7 (1 ,
$\mathbb{R}_{+}^{4}$ $X\subset \mathbb{R}_{+}^{n}$
. , $X$ .
(1) , 8 , (1) l $\mathrm{b}\mathrm{d}\mathbb{R}_{+}^{n}:=\{x\in$
$\mathbb{R}_{+}$ : $x1\cdots x_{n}=0$} . , ,
$r_{1},$ $r_{2},$ $r3,$ $r4$ .
, $r=(r_{1}, r_{2}, r_{3}, r_{4})^{T}$
: $r=(+, -, -, -)^{T}$ . $i=1$ 6 $\mathrm{A}\mathrm{a}$ . $A$
, $S_{1}\cap X$ . $S_{1}\cap X$
$\hat{x}$ ,
$r_{1}+ \sum_{j=1}^{4}a_{1j}\hat{x}_{j}=r_{1}>0$
, $X_{1}\subset X\backslash S_{1}$ , $X\backslash S_{1}$
$X_{1}$ . , $X_{1}$ , $i=2$ 6
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. , $X_{1}$ $\hat{x}$ $\hat{x}_{1}>0$ .
$\hat{x}_{1}=-\frac{1}{a_{11}}(r_{1}+a_{12}\hat{x}_{2}+a_{13}\hat{x}_{3}+a_{14}\hat{x}_{4})>0$
. [4] , (1) 2, 3, 4 ,





”external eigenvalue” ( [4] ). , $A^{(1)}$
$A$ , ,
$X_{2},$ $X_{3},$ $X_{4}$ , $\mathrm{i}\mathrm{n}\mathrm{t}\mathbb{R}_{+}^{4}$
$X_{4}\subset \mathrm{i}\mathrm{n}\mathrm{t}\mathbb{R}_{+}^{4}$ .
$x_{3}$
2: (1) . .
152
5$A$ (3) ,
. , $A$ (2)
,
( 2 ). :
$r=(\begin{array}{l}1-1-1\end{array})$ , $A=(\begin{array}{lll}-1 -7-1 2 -1-1 0 7 -1\end{array})$ .
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